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PREFACE 



This manual provides tiie necessary information to program tlie ESELCH. It contains sections on Configuration Pro- 
gramming Instructions, Status and Command Byte information, Programming Sequences, Programming Notes, Device 
Number, and Initialization. A programming example is provided in Appendix 1 . A detailed index is provided at the rear of 
this manual. 
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EXTENDED SELECTOR CHANNEL 

(ESELCH) 
PROGRAMMING MANUAL 

INTRODUCTION 

The M73-105 ESELCH and the M48-050 BSELCH are both upward compatible with the 16-bit address Selector Channel. 
They control data transfers between I/O devices and local or extended memories at rates up to 2,000,000 bytes per second 
in the Halfword Mode. The BSELCH can transfer data up to six megabytes per second in the Burst Mode. A maximum of 
16 I/O devices can be connected to the SELCHs, but only one device at a time can transfer data. Data transfers can be 
either byte or halfword oriented depending on the particular I/O device. 

This manual is applicable to both the ESELCH and BSELCH, however, the text only references the BSELCH for ease of 
reading. 

CONFIGURATION 

Refer to the Extended Selector Channel Installation Specification 02-328A20. 

PROGRAMMING INSTRUCTIONS 

A Sense Status instruction (SS or SSR) is used to transfer the ESELCH Status Byte to the processor. Refer to Table 1 for 
Status and Command Byte information. This instruction should not be used under interrupt control for it could cause the 
ESELCH to become idle and the interrupt condition to become reset. 

The Output Command instruction (OC or OCR) causes a Command Byte to be sent to the ESELCH. 

The Write Data (WD or WDR) or Write Halfword (WH or WHR) instructions are used to send the starting and final 
addresses to the ESELCH. 

The Read Data (RD or RDR) or Read Halfword (RH or RHR) instructions are used to obtain the last processor memory 
location either written into or read from memory. 

The Write Block (WB or WBR) instruction or Read Block (RB or RBR) instruction should not be used. 

TABLE 1. ESELCH STATUS AND COMMAND BYTE DATA 



BIT 
NUMBER 


8 


9 


10 


11 


12 


13 


14 


15 


STATUS 
BYTE 






MEMORY 
MALFUNC- 
TION 


MEMORY 

PARITY 

FAIL 


BUSY 








COMMAND 
BYTE 




EXTENDED 

ADDRESS 

READ 


READ 


GO 


STOP 


SELCH 
STATUS 






BYTE DEScl 


tIPTION 






1 


' 









Busy This bit is set if the ESELCH is transferring data and reset when idle or not transferring data. 

Memory This bit is set if the memory interface recognizes a parity failure and is available for subsequent evalua- 

Parity Fail tion by the processor. However, the transfer is not interrupted. Resetting this bit is by processor 

initialization or by the Output Command Go. 

Memory This bit is set if the memory interface recognizes a malfunction other than parity failure and is available 

Malfunction for subsequent processor evaluation. Transfer is not interrupted. Resetting this bit is by processor 

initialization or by the Output Command Go. 

COMMAND BYTE DESCRIPTION 

Extended This command specifies whether two or three final address bytes are returned to the processor. If set. 

Address Read three bytes are returned, and if reset, two bytes are returned. This command is issued concurrently when 
specifying the Stop mode. 
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1 



Read This command changes the ESELCH mode from Write to Read. Iti the Read mode, data is transmitted 

from the active ESELCH device and written into memory. The ESELCH goes to tlie Write mode at tlie 
completion of a data transfer. Thus, each time a Read operation is required, a Read command is issued to 
the ESELCH. 

Go This command initiates data transmission and can be issued when specifying a Read or Write mode. 

Stop This command halts a data transmission and initiahzes the ESELCH for starting a new operation. This 

command should be issued when the ESELCH terminates. 

NOTE 

A Stop command issued to a Busy SELCH will not set the MSCl 
flip-flop, therefore not allowing communication to devices on the 
SELCH Private Bus. The SELCH must be addressed a second time 
to allow communications under the above conditions. 

SELCH If this bit is set, the ESELCH status is returned by SS or SSR instructions to the ESELCH. If reset, and 

Status the ESELCH is Busy, only the Busy bit is present in the Status Byte. All other bits are ZERO. If reset, 

and the ESELCH is not Busy, the device status is present in the Status Byte with the Busy bit forced to 

ZERO. 

PROGRAMMING SEQUENCES 

Programming a device on the ESELCH consists of setting up the device, setting up the ESELCH, and sending a Go 
command to the ESELCH as explained in the section entitled Programming Instructions. Setting up or initializing a device 
on the ESELCH is device dependent, and the user should refer to the appropriate device programming manual for specifics. 
If the ESELCH is Busy, I/O instructions should not be issued, but Stop, Extended Address Read, or SELCH Status 
commands can be issued. Like all other devices, the ESELCH has its own unique device number and is affected by Output 
Commands, as with all I/O instructions, only if the correct device address is used. If a device on the ESELCH is referenced 
while the ESELCH is Busy, the False SYNC bit of the Condition Code is sct'(CVGL = 0100) indicating an ignored 
"Tionimand. .- 

The ESELCH is idle (not Busy) only after an Initialize or Stop command is issued to the ESELCH. Thus, prior to issuing an 
I/O operation with the ESELCH or any device on the ESELCH bus, the program must do one of the following: 

1. Wait until the ESELCH completes an I/O transfer and then issue a Stop command to the ESELCH. 

2. Issue a Stop command to the ESELCH. 

In order to perform a Read or Write operation on a device using an ESELCH, the following steps are required: 

1. Wait for the ESELCH to become not Busy, or issue a Stop command. Note that use of the Stop 
command will stop any transfer in progress, and should be used wisely. 

2. Set up the device on the ESELCH by issuing the appropriate I/O commands. 

3. Send the starting and ending address to the ESELCH. 

4. Send an Output Command to the ESELCH with the Go bit set. The Read bit should be set for a Read 
operation, and reset for a Write operation. 

NOTE 

No I/O instruction can be issued to any other device during the 
execution of the program instructions in Steps 2 through 4. When 
the Go command is issued, the ESELCH does the following: 

1 . Controls the last device addressed by the processor (i.e., by the 
user program or by the microprogram) if that device is con- 
nected to the ESELCH. 

2. Hangs if no device attached to the ESELCH has been addressed 
by the processor since the last processor Initialization. Refer to 
the section entitled INITIALIZATION. 

For this reason, the program instructions in Steps 2 through 4 
must be executed with external interrupts disabled (PSW Bit 17 = 
0). Otherwise, it is possible to detect an external interrupt and the 
interrupt driver in the user program (or the microprogram in the 
case of an immediate interrupt) can address any other device. 
Also, the single mode may not be used since the display panel is 
addressed in this mode. 
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PROGRAMMING NOTES 

The ESELCH has a 20-bit incrementing Address Register and a 20-bit Final Address Register. Tlie user program loads the 
starting address into the incrementing Address Register and tlie final address into the Final Address Register. Transfer is 
completed when the incrementing Address Register matches the Final Address Register. For additional information on the 
operation of these registers, refer to the ESELCH Maintenance Specification, 02-328A21. 

Memory is addressed on halfword boundaries; that is, each time memory is accessed, two bytes or a halfword are obtained. 
Referring to Figure 1, 20-bit addresses are used in the memory system, with the least significant bit, Bit 19, specifying the 
desired byte. 



CORE MEMORY 





.... - 




.1 






-— H 


EVEN BYTE 


ODD BYTE 


1 


EVEN BYTE 


ODD BYTE 


EVEN BYTE 


ODD BYTE 




t 


t 





BIT 19=0 



BIT 19=1 



18 19 



MEMORY ADDRESS REGISTER 



SPECIFIES ODD OR EVEN BYTE ■ 



Figure 1 . Memory Addressing 

Each time the ESELCH accesses memory, two bytes (one halfword) are transferred. It is mandatory that data transfers 
begin on a halfword boundary. 

The following results if data transfers are ended on byte boundaries: 

1. Write mode (memory to device) - End on byte boundary (Bit 19 = 0). No effect, the transfer can 
terminate successfully. 

2. Read mode (device to memory) End on byte boundary (Bit 19 = 0). The previous contents of the 
last odd byte in memory arc written into the current odd byte in memory. Refer to Figure 2. The user 
should ignore the last (unrequested) byte. 

Data transfers across a 256KB boundary may be executed provided the memory is contiguous. 



NEXT TO LAST 
HALFWORD 



EVEN BYTE 


ODD BYTE 


EVEN BYTE 


ODD BYTE 




BOTH BYTES HAVE 
SAME VALUE 



LAST HALFWORD- 



LAST BYTE SPECIFIED 



Figure 2. Core Memory Configuration for 
Ending on Byte Boundary 
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Transmission of Starting and Final Addresses 

All Output Command with Hit Stop bit set should be issued prior to starting; an operation on the HStiLCH to clear any 
preceding conditions. Normally, six successive bytes are required to specify starting and Final addresses of the user's buffer 
area. If the final address of the buffer area is no greater than 65536, either four or six (with the most significant byte zero) 
successive bytes may be used to specify the starting and final addresses. Figure 3 illustrates the meaning of the six bytes 
used for addressing. 



20-BIT STARTING 
ADDRESS — 



20-BIT FINAL 
ADDRESS 



3 4 



11 12 



19 



» 


WORD 

1 


WORD 
2 


WORD 
3 


' 


WORD 
4 


WORD 
5 


WORD 
6 



* MUST BE ZERO 

1. STARTING ADDRESS (BITS 0-3) 

2. STARTING ADDRESS (BITS 4-11) 

3. STARTING ADDRESS (BITS 12-19) 

4. FINAL ADDRESS (BITS 0-3) 

5. FINALADDRESS (BITS4-11) 

6. FINAL ADDRESS (BITS 12-19) 



Figure 3. Meaning of Data Bytes for 

Setting Start and Final Addresses 



Hither the Write Data (WD or WDR) or Write Halfword (WH or WIIR) instructions may be used to send the starting and 
tlnal addresses to the FSFLCIl. 



For example, if the starting address Is X'OOOOOO' and the 
are all correct : 



i;nding address is X'ABCDE', the following addressing sequences 



WD (or WDR) SHLCH, LARX (00) 
WD (or WDR) SFLCH, LARll (00) 
WD (or WDR) SFLCH, LARL (00) 
WD (or WDR) SFLCH, LFAX (OA) 
WD (or WDR) SHLCH, HFAH (BO 
WD (or WDR) SHLCH, LFAL (DH) 

WD (or WDR) SHLCH, LARX (00) 
WH (or WHR) SHLCH, LARHA (0000) 
WD (or WDR) SHLCH. LFAX (OA) 
WH (or WHR) SHHCH, LFAHL (BCDH) 

WH (or WHR) SHLCH, LARXH (0000) 
WD (or WDR) SHLCH, LARL (00) 
WH (or WHR) SHLCH, LRAXH (OABC) 
WD (or WDR) SHLCH, LFAL (DH) 
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If the starting address is X'001234' and the ending address is X'OOABCD', tlie I'ollowing addressing sequences are all 
correct: 

1. WD(orWDR)SELCH, LARH(]2) 
WD (or WDR) SELCH, LARL (34) 
WD (or WDR) SHLCH, LFAH (AB) 
WD (or WDR) SELCH, LFAL (CD) 

2. WH (or WHR) SELCH, LAR1IL( 1234) 
WH (or WHR) SELCH, LAFAHL (ABCD) 

3. WD (or WDR) SELCH, LARX (00) 
WD (or WDR) SELCH, LARH (1 2) 
WD (or WDR) SELCH, LARL (34) 
WD (or WDR) SELCH, LFAX (GO) 
WD (or WDR) SELCH, LFAH (AB) 
WD (or WDR) SELCH, FLAL (CD) 

4. WD (or WDR) SELCH, LARX (00) 
WH (or WHR) SELCH, LARHL (1234) 
WD (or WDR) SELCH, LFAX (00) 

WH (or WHR) SELCH, FLAHL (ABCD) 

5. WH (or WHR) SELCH, LARXH (001 2) 
WD (or WDR) SELCH, LARL (34) 
WH (or WHR) SELCH, LFAXH (OOAB) 
WD (or WDR) SELCH, LFAL (CD) 

Termination 

Data transmission between the ESELCH and the device presently connected to it is halted if any of the following 
conditions occur: 

1. The starting address matches the final address. This denotes normal termination. 

2. The starting (incrementing) address goes from all ones to all zeros (maximum count). In this case, a 
match has not occurred and is considered an abnormal termination. 

3. Any of DU, EOM, or EX status bits of the device presently connected to the ESELCH changes to a 
ONE. This may be an abnormal termination, depending on the application. 

4. A Stop command is sent to the ESELCH via a user program. The termination condition is determined 
in one of two ways by a status scan, or by the interrupt method. An Output Command Stop should 
be issued to the ESELCH following its termination. 

5. Addressing a non-existent memory. 

Status Scan 

The status of the ESELCH Controller may be examined by issuing a Sense Status (SS or SSR) instruction. The Busy bit 
(Bit 12) is a ONE while transmission is in progress, and ZERO when transmission is terminated. One method of testing for 
termination is to continually or periodically test the Busy bit of the ESELCH. The change from ONE to ZERO indicates 
the termination of a data transfer. In the status scan method of programming, it is possible for the Busy bit to change from 
ONE to ZERO during a Sense Status instruction without returning the ESELCH to idle. To guarantee the idle mode after 
Busy = on a Sense Status instruction, a Stop command must be sent to the ESELCH. 

Interrupt Method 

When data transmission is initiated on the ESELCH, the interrupt is always enabled. If external device interrupts are 
enabled, the processor is interrupted when the ESELCH terminates. The interrupt causes program control to transfer to the 
start address of a user's termination service routine via a pointer located at an Interrupt Service Pointer Table address by 
the formula: 2 X device Address + X'DO'. To guarantee an idle mode after the ESELCH interrupt, a Stop command must 
be sent to the ESELCH. 
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Reading the Final Address 

The last processor memory location cither written into or read from may be obtained by executing a pair of Read Data 
(RD or RDR) instructions or a Read Halfword (RH or RHR) instruction provided the final address is no greater than 
65536. Three successive Read Data (RD or RDR) instructions or one Read Data and one Read Halfword instruction are 
required if the final address is greater than 65536. 

The command Extended Address Read (Bit 9) specifies whether a 2 byte or 3 byte final address is used. Before issuing RD 
or RH instruction, a Stop command should be issued to insure that the KSELCH is initialized. 

Tills information permits a user program to verify a successful data transmission or to determine what address termination 
occurred. 

Table 2 illustrates various sequences in which the final address can be read. 



TABLE 2. SEQUENCES USED TO READ FINAL ADDRESS 



(A) FINAL ADDRESS IS X'OOABCD' 




INSTRUCTION 
SEQUENCE 


ANSWERS 


BIT 9 SET 


BIT 9 RESET 


RD (OR RDR) 
RD(OR RDR) 


00 
AB 


AB 
CD 


RH (OR RHR) 


00 A B 


ABCD 


RD lOR RDR) 
RD (OR RDR) 
RD (OR RDR) 


00 
AB 
CD 


AB 

CD 

UNDEFINED 


RD(OR RDR) 
RH (OR RHR) 


00 
ABCD 


AB 
CDXX 


RH (OR RHR) 
RD (OR RDR) 


OOAB 
CD 


ABCD 
UNDEFINED 



(B) FINAL ADDRESS IS X'OABCDE' 



INSTRUCTION 
SEQUENCE 


ANSWERS 


BIT 9 SET 


BIT 9 RESET 


RD(OR RDR) 
RD(OR RDR) 


OA 
BC 


BC 
DE 


RH (OR RHR) 


OABC 


BCDE 


RD (OR RDR] 
RD(OR RDRl 
RD(OR RDR) 


OA 
BC 

DE 


BC 
DE 

UNDEFINED 


RD(OR RDR) 
RH (OR RHR) 


OA 
BCDE 


BC 
DEXX 


RH (OR RHR) 
RD (OR RDR) 


OABC 
DE 


BCDE 
UNDEFINED 
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DEVICE NUMBER 

The HSELCH is normally assigned device number X'OFO' (10-bit address), but may be easily changed on the ESELCH 
Device Controller Board. Refer to Installation Specification 02-328A20 for details. 



INITIALIZATION 

Whenever the Initialize switch (INT) on the Display Panel is depressed, or a Stop Command is issued, the following action 
occurs: 

1. Any data transmission in process is halted and the Stop Mode is affected. 

2. The ESELCH is placed in the Write Mode. 

3. The ESELCH is made idle. 

4. The ESELCH interrupt is reset. 
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APPENDIX 1 
PROGRAMMING EXAMPLE 



( START 1 J 



DISABLE 
EXTERNAL 
INTERRUPTS 



c 



HALT 





ISSUE READ 

AND GO 
COMMAND 
TO ESELCH 



STOP 
ESELCH 



READ FINAL 
ADDRESS 

FROM 
ESELCH 




HALT 



JC 



HALT 



DRIVER 



SETUP 
I/O DEVICE 



WRITE 

STARTING 

AND ENDING 

ADDRESSES 

TO ESELCH 



ISSUE WRITE 
COMMAND 

TO 
I/O DEVICE 



ISSUE WRITE 

AND GO 
COMMAND 
TO ESELCH 




c 



HALT 




ENABLE ALL 

EXTERNAL 

INTERRUPT 

LEVELS 



c 



HALT 



START 2 



c 



HALT 



SETUP 

ESELCH 

INTERRUPT 

HANDLE RT 



c 



HALT 



NO 



SETUP 
I/O DEVICE 
INTERRUPT 
HANDLE RT 



c 



HALT 




NO 



DRIVER' 



SETUP 
I/O DEVICE 



' REFER TO A1-2 
FOR DRIVER ROUTI^ 




READ FINAL 
ADDRESS 

FROM 
ESELCH 
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AI-1 



APPENDIX 1 (Continued) 







( DRIVER J 



READ FINAL 
ADDRESS 

FROM 
ESELCH 




HALT 



HALT 



DISPLAY 

X'FFFFFFFF' 

ON 

CONSOLE 



(DONE ^ 
PART 2 ) 




DEPENDING ON THE DRIVER 
IMPLEMENTATION METHOD, 
IT MAY BE REQUIRED TO 
WAIT FOR THE FRSRW 
INTERRUPT. 



LOAD CYLINDER 

NO. TO DISC 

FILE AND LOAD 

HEAD AND SECTOR 

NO. TO CONTROLLER 



(RETURN TO ^ 
CALLING RT.^ 



Al-2 
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APPENDIX 1 (Continued) 






cs o >-i <s ro ^ m 

r~i * OiHeNf0^mV0r--00CTtiHt-)i-Hi-(i-)iH 



E^ t^ M go w 
«; o >5 B M 



T w M a s o o a a a Si B ca B a a u w a a a a a 



CM 



a J M Eh Ej 
jEH&,E-iEHE-i3e« 

Or-irSMWOMWpMOOOEji-jrH 



6i 



(HCNiro'^in^or-ooo^OrHojro^inior-oomorHCN 

rH r-l iH iH I-) (H iH rH iH »H CS M <N 



OrHCNro^mvor^oooi<mOQMfc 
ooooooooooooooo^ 
oooooooooooooooo 
oooooooooooooooo 

oooooooooooooooo 
oooooooooooooooo 
oooooooooooooooo 
oooooooooooooooo 



29-529 ROO 4/76 Al-3 



APPENDIX 1 (Continued) 
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